N B 244 Chinese Journal of Applied Entomology 2011,48(6) :1544—1552

RIS EZINEE
ARE EIhA A

EEFAB=wRiH
E

%*
woF R

(LI YT AR S LA E SR E MU A Bl 2220 Mt 210046)

W E UK E Tribolium castaneum J&—FpEZ MY R AL Rk H A S SR S A T &
BRI . RIS R —FP S M R A S B 2 3 o, et A5 AR A, B AR 5 R 1 L T ST

{L2ETERY 2

TR o A S DA DN P 1 58 i e A BV R R AR S R RINAT J7 2 0 O AR A R st e 2 1 L2

REFEDRIZH 22 BT . AR SCERR T I AR R AR DL s 5 AT 20 1130 B 3y e e PR 20 25 (i A 9 1 I, 3U0A 2R U0 5 1 A

e
KEIR RIS, TIRREENALY:, RNA T4k, &N

s, R

Progresses in research on the functional genomics on

Tribolium castaneum

LI Cheng-Jun

WANG Yan-Yun

LIU Xing SANG Ming LI Bin™

(Jiangsu Key Laboratory for Biodiversity and Biotechnology, College of Life Science,

Nanjing Normal University, Nanjing 210046, China)

Abstract

Tribolium castaneum is a powerful model organism for research in such fields as insect genetics, biology

development, biochemistry and immunity, and rapid and useful progress has been made in these fields in recent years. 7.

castaneum is also an important coleopteran pest of stored agricultural products. This globally distributed pest causes

billions of dollars of damage to such stored products each year. Recently, the sequencing of the entire genome of 7.

castaneum , the construction of their genetics operation systems, and the utilization of the systemic RNA interference, have

greatly facilitated and accelerated research on their functional genomics and the related fields. In order to facilitate

research on both the fundamental biology and control of T. castaneum, we here review progresses and achievements in

research on T. castaneum genome projects and functional genomics over the past few years.

Key words Tribolium castaneum, functional genomics, RNA interference, proteomics, model organism

TRPLA ¥ Tribolium castaneum J& ¥ H 14
HRL R 8, 2 8 ™ E 0 A o, 7R 3
TEEINTZ 50 A T AR L IX (Sokoloff, 1972) ,
TEFCE R VY B 2 Ah A il . R T,
Z A TR AE T 0 PR T v, i H | &)y o T A T
ki EREC KB IR IEFh 145, JUHAR T Ry T Kb
LW R KA I‘?E%ﬁiﬁl\,,\ﬁiiﬁiﬁéﬂﬁﬁ
JRT G DA 2R R A5 B0 ) o 1) B, i B E ) 4
ﬁ%\’}i‘@\ﬁ%ﬁ'ﬁﬁﬁaﬁﬁﬁ,U\ﬁﬁmﬁbﬂﬁﬂ@é’ém
i (fF 4%, 2003) ,

L‘ﬂ: 20 2247, % Drosophila menanogaster

WL AT R AR ), B AR L 2 7y
?i%% HE DRI 20 27 e DIy e PR 2H 2 1 A g, AT
-3 AP B SRR A A= ) 104 BIF A8 A B Ok i
0 H A Z R e A K 5k F 5
1 5748 5 S5 5 1he R 32 i 5 28 1T W Ah
R A 3 I S5 ) A DA AT T SR A M T e A
A S WAL, 124, B 24 R S8 i 4 A
éﬂ{ﬂlﬂf?ﬁl‘,%ﬁ 6 > H Ay 29 F B L5 i 1AL
20 % ( http : //www. ncbi. nlm. nih. gov/genomes/
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AR — R Z R R e, F A
fit 136 & HEB% N 37 K2 Y Susan J. Brown Fl
Robin Denell 2% D4 F 36 [ 4 MV #P A9 Richard W.
Beeman AU T AR, M0 ]5 115 2R 04 @
FEP A I 1) T Bl A AR 44 e iy e R AT 4
LR ZHI i 3 H o, IR AT N R — R
PR W5 9878 R il B TR 38 R ol 4004 W i R Y
RNA interference ( RNAi ) #Li, MM BEE T 2R )
A5 AR S S 0 A A RE % 2% M A3 ( Schinko
et al. , 2010 ; Tomoyasu and Denell, 2004 ; Richards
et al. , 2008; Brown et al. , 2009; Park et al. ,
2008) . AENy—FhTEEAL HEAL A K WESE T5 1 5
TR B R B, ARk AR U A TE R T st
& Sy 5V BGR 5 Jr AT S B I T I 2 i
Ji , AR SORE T H L PR 20 5 Ty i B PR A 0 AR G o
HEAT TR A4

1 FUSHEEEAITX

SRR N S R B2 R 58 MR UM A W 1 B A
205 ESTs W7 0] J5 Vi ) 4t 57 A 1 i
Bl I T2k 60 245/ NI SRR
HI3E , LR PR A s S R A AT T U R
SEREW] @k 7. 3X A R B, ARG 152 O
AT, B Jm AR O HESR KBS 53 8 0 160 Mb, Horp
2y 1/3 BRIy N E ST, SR AR Mg 4 B
LTIy 204 Mb, Hi0 A G0y 20 24 (38 45 A
R RS 5 X 48, ( Richards et al. , 2008)

A R4 VE RS D RE 3 A, Park 4F
(2008 ) FIJ FHH BT 77 (1 50 524 5% ESTs SOk H T
NCBI ) 10 704 4% ESTs 2021 12 269 clusters, Jf:
B H 10 134 clusters 7 3] 6 463 4~ GLEAN 3
K, 296 1 600 clusters $iit = %t i) GLEAN ¥
G|, TG A A S B 1 G S5 P 40 A R R S s
TRBB SR PRSP T AR R ESTs £ B URAE
7500 ZNE SR HOT,

S5 EWE BN S ESTs ik , B 75 44
A B H gD 16 404 DL, 29 47% W 506
FEPRITE B A AV HE Sh ) =2 ) 3 B L &R Rl R G
F, Ho 15% (1435 PR 2 5 A7 7 1) 545 DL E &R TR
IREEA , AL, 24 9% B KL PR B HUREA Y AR W)
IR . RE RIS B S H T R A REUH Y
R E - SN I /T (TTRA I K S W AN E | XS 3 S |

(Richards et al. , 2008 ) , FR L4 B8 5 N Y & AR
Sk G AR RS Ed AT #E A 5 R AR |
( Wheeler et al. , 2005) . T H R4 ¥ L 5 b 25
EL H B BT A 2 0 PR 3 0 M, R IR AR AR LA
A T 2 105 5 L5 52 AR PR DL KSR 22 1) PASO
5B EE S SR AR o OR & Y BE
(Richards et al. , 2008) , XEFFHIBTITLE R BA
BT PR A T SR R 2 0 2R e LA A R DA
[ASUR LR EE N = 1y R LI FE 0 T S NS B R P
Gto JF HFTHI 25 R ol 3 b iy By i B
WA LR KRB G AR A
U5

2 FABEREREERNAZ

2.1 FHUBBEREFHRANRTEROEE

PiggyBac % 5 — L IE A5 bRic an iR £ 25
srosy \white ZEFRiC— (A E 2878 i R JE—
o2 I 38 AL 45 77 75 (Rubin and Spradling,
1982 ;Klemenz et al. , 1987) , 7E 1A A il AR (558
AR DU TG 5 1) % 65,9 2 1 (EGFP)
AR @ K1t ( Handler and Harrell, 2001 ),
Berghammer %% (1999 ) {ifi F Hermes F piggyBac %%
JEFTEDR AT Hs v R AT LA A S 5 R A % 4k, 2
PRI 1 I 305 (0 2 ZURE S P B A A0 IR €0
W89 G 8 R Kk 1Y T 45 PR R ] 1
o P Lorenzen 45 (2002 ) 4 AR 4% s 2 5z
FI(TePUb) B (14 )3 8l 1 B T HARZL A IR 6 (Tev)
SEDR Gty DX 130 R HE S E Teo BRBE O R ARG
H, Tev BRI 33K AT LS8 20k 52 40 Hu IR 48,58 742
Siebert 4% (2008 ) W ¥ TeaTubl J5 3T % # 3 Tev
()2t Iy 51, AR AT LASK Bl Tev &)y IR 2,58 25 () K
AR R T AR R 1 B T4l A AR IR R
AT RErE .

Lorenzen 45 (2003 ) #t— 25 75 o5 U 45 #5 vh A4
H#GENL T —FRINH piggyBac FIl AT, KBLE
fITAT LI 1 4 A B 22 30 1) TTAA H A5 591, fff
JH EGFP e B P DN 45 DMEEFE i Rrp &AL T
Pig-23 .Pig-19 il Rem-5 3 /~H450 T- 754 & , (X gLt
ST 54 28 T LATE AL TE & R A b [ 4K 1Y) helper TT
A LG AT Y 7 A8 - e L LA vh B RS, AT
fit piggyBac 413 (1) 3 R AR 2 1k HOKS 40 1Y)
Tidie /NH XAEARIUR TP S T — M sy
piggyBac FiATT Ik, X Bl 7 5L A 76 3 H R 1R
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Hh S I DR 2 3 BT PN A 0 A A A8 B T S
) H#5 ( Lorenzen et al. , 2007 )

IR IE Trauner 45 (2009 ) 78 25 U4 85 1 SE 0 17
TG 5% e 5 AR T vk . —FE™ BT 6 500 £
AN piggyBac BRI, 7 9 53 BT R W BT A 48 A
LR TERE R A P BEDL 3 A o Hir 421 A4 ABIE
W RN I BB , 75 A2 MG 2 308t
8 M TEAT , 505 A~ 1 A 2 I A 1 5 - 5 Al A
30, Hirp 403 AN ABUE SIS TT I, X SE
S5 T FR RV IG BO0E i 2R 1 ST, B R K Y
PEHE R B Gt 5L 5 R IA M AL S
Z TP K e

2.2 FREIBE GAL4/UAS —iRiXRGHIE

GALA/UAS R4 e — M R LR IE &
gt BRI R i TR, i R
g B HEUTCHE 48R I S R A W i 5 e
(Brand et al. , 1994; Guyer et al. , 1998 ; Scheer
and Campos-Ortega, 1999 ; Hartley er al. , 2002),
Schinko &% (2010 ) 4 i& F 7R W% 1 1Y) GATA/UAS
ZG(GAIAA — VP16 F GAIA - VP16) HiEES A
AR HE L HR#EA 52 UAST B UASp 4=
(1) lacZ W25 2% B AR AU M5 24 28, L Z 5 I e AR
TEFRAY FIF IR PR I R G ISR ) 8 1) 22 0l
TR A TR K 5 45 K R 7 257 4 vy v SR ) A R
Bl R AR U B O R B, R IR
A GALA AR GALA — VP16 iz 5 FE P Y 2R3k 7]
WA NS TR 8, R Tk GALA/UAS 2%
HA K A SRS 5 1 (0], ] SOX IR JIG |
Ay e A B AT T AR B, 24 h )R AR
GALA HI UAS Z5M I A Br Be ANl B 5
HAP g Fik , 0 GALA A RG] LIKE) 12 1Y
FHTIR4UAT 3 00 2 B DR AR R, i e 25 R A 3k AR U
AWK GALA/UAS “nkis ARG &, JF A
SRR DRI v 2R 38 5 P IR A R A 40 1 R
A

N O

3 FRIUAE RNAI HLEI R A

RNAi 55 P W] 5 9 ALEE RNA (dsRNA) 5]
LA A B 1) mRINA [ A, DA T 45 S P 400 o 1%
B 3k, RNAT HAT i 2001 s R 5 1 1Y
KT Z AP AE T8 MW 45 4% Bl 2R AR N ((Fire
et al. , 1998 ; Meister and Tuschl, 2004 ; Mello and

Conte, 2004) . RNAi HOARTESRAUL #5 W 4R T
1999 4F- 3 xf B4 10 IR i 4 dsRNA B 53 3 1K 1)
fiE(Brown et al. , 1999) ., H ij ££ P4 &8 F K AR H |
ey AR U W AR 2 R AR Y T AT T
RNAi g9 5% ( Dong and Friedrich, 2005; Roberts
et al. , 2007) . A5 AR EWHRUS HEZEME—5
Al —FE R m A R GErE RNAT HIL Y B e, B
1 dsRNA {355 B AR 4UAS B 40 2 i LBl R R IG 1Y
FEAATE I, wT o 5 35 R % 2 3k A2 B3, ifi HL ik
R RGN AT LA SIE 25 3 HR — A, DT A 25 4004
PRI TE R B I v 53R A e PRI A ) e I A
A ¥ ( Tomoyasu and Denell, 2004; Tomoyasu
et al. , 2008 ; Brown et al. , 2009)

BRI R4 5 AN 2 AR A ] 0 ) 2R 48 RNAG
BN, TR R Gt RNAG (AL 7 B 22 (a2 AR SF
(1, B2 W32 A — S 5 PR A 2 R R R LA H rh A
T, M7ER M S5 H e B b icf . FIRPIZL
FNIRADLA s B PR 22 ) f sy A FEARAIG, o 4004 i Gk
b BEAE L b RNALRAVEF S 25 . fil4n,
sid — 1 FEP Gafih (1) SID — 1 223K 5 B AR L A
YEHEA dsRNA 138 38 , R0 3 A i 3 I, R W
sid = 1 B P EHLIRA TC R S8 RNAL 91 2 5%
1 MAE AR T A 3 DIERUT sid - 1 LA,
XA REfd AR A 2 i RNAL T R, 201 Ago -2
DR G A 1) 2 1 T 2 5 RNAT BORR SR JAfy
L AU AR A A 2 4, HE8Z 5 RNAL i&
72,2 4> Ago - 2 W REMETH AR AR B 19 RNAI 2R
WA ROR . SE IR SRR AR A 2 4 Dicer
fitg , 72200 rh A Der -2 225 RNAL 342, MITESR
WAFEE Der -1 5 Der -2 #2257 RNAi &2,
XARER BN T 248 RNAL k4. HAMRIIA &
FORIEIE 2 T /> R2D2 — like B[N, 1% 4K 1 0] 4k 45
dsRNA (9 , AT 2R U048 #5 RNAL TN AL
SR RNA {519 RNA SR 5 il £ 26 L RNAI P
TCRAE R, FE AR AL B HIV AT i S A, B DAL
RALEMIATERE . A2 I BERE R 1Y 22 57 7R A U
Bs 52 R A% RNAL HLEIIEAR—FE (B2 H
HIEASBEHE AR A 5 h 2 B A AE ATP — 4R HL
i, R, FRIA #5 59 RNAG Y 23 T L AT 5 2 ik
—# B WF 5% ( Richards et al. , 2008; Tomoyasu
et al. , 2008) . S Wk, RNAL () F]H E Jy 754U
B DREFE R 2 0 T Y WF 9T BE0E 1 B AR
it HAET, A RNAI FEAR R EAERK KT
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PE R AR S NI E RS E R
4 FUAZMREEFRAFEIAR

TEm s [ 3o 5 R0 REaE B, A8
XF & Tl & B KA FE BT IE -5 AT BB
[ 2 000 Z A JE K HEAT T E— P % 5504, 1
ol AR R B I Y B PR A 2 2L E AR
R S S R A OCHE, Ke— R A HU
T EAEFRHE A 2 24 A Cys-loop []45 B ¥~ 18 Bk
PRIFI 134 AN (5,25 P4S0 KL, Bl 08 70 1Y 25 )
FEAREE AN 24 4> C1 2R PR B IREE R (72 1> G
HFHEERZ K (GPCRs ) Je 41 4> Pl 28 IR 28 I 3R ik
K% (Richards et al. , 2008) , F]H XS E N HE
K R RN A Y S 36 T B, e i 7 A PR 4 Bl R
Gk b4 T 43 A B R D e, A R LA R AT
8 X B — PR B 1 5 A T 5 5 1) o 224 R ]
SRR T R G . TR A
FEEEMAR R (R GE RNAL 7k BEPRUE R 5383810 |
B A DL SOM B B AR 1 B R R B L TR
HE I AR R E LA T ) T RE
PRIAIFSE 5 T 2 B | —SE E Bk e

4.1 FMBBEK. ZEESHZAT

B B — 2 DABR 3I) gk, He 55 B2 28 I 2 IR DI 1Y
A, XA R G I 2, SO [ E Y SR
B BB R AR A i TR A AR ) SE SR AR A, R
MRE EEFEME N RGE RN, ARG
T2 32 PR EE R, o' R IREE B EE AR T
XS gl AR A AR A B R, BT, C TR
SR Z B EAER T A Z, MR xt
REMFETCHREAE T KRk, Hrhitri s
BN 3 R R A R (JH) Ml R R
(Ecd) (HJE JH M Z KB F5 REZSEA TR
1528 (Gilbert et al. , 2000; Wheeler and Nijhout,
2003 ; Dubrovsky, 2005) , ZFifF5¢ 2 H Met
AT BRI R 5 TH 254 Il el g e —4
T JH 32 4 ( Dubrovsky, 2005; Flatt et al. |
2005) o fHZ mer B i X 50 4l 3 0 1 5% A2 T
%A 50 ( Wilson and Ashok, 1998 ; Wilson et al. ,
2006a, 2006b) , Kt T AR TH W8 1E 52 (4 1 5 iy
Z 3 T e, MR X A4~k A, Konopova Fl1 Jindra
(2007) WF5E 1 AR FAAF 5 mer £ JH G412 5 4E
AP EyIaEE. A AR 004 Hs gl A LB A 52 TH 2

L Hs U B K 4R B JH-IL 36 5 S 5CR 8 T,
AN Temer R385 4 HBEAT JH-TID 433 A 4 ]
TH U] Temer 72 JH {55 RGUH & R4S
WHANESEBEREN AW, #Jc JH i
VER T Temer WUESS , MBR 5 TH AEH)& BURH OC 1)
R JHAMT 2= 53 JH § % ( Minakuchi et al. |
2008) , ALl s JH BRpE 235 B A EAT AN IR ER |
K TEERERE 155 JMEME SRS TH BRE 199 Bt 52 T
Je SR A AR B, FE B TH Ay e AR 5
H -t 2 B AR FH ( Parthasarathy et al. , 2009) |, i}
H JH 1 20 - £ b 2 fH (20 - hydroxyecdysone,
20K ) 52 5 85 2 11 J5L (vitellogenin, Vg) K 3215 Y
WG R - ( Parthasarathy et al. , 2010b) ,,

20E 2R A Eed By FZWEMIEX, HFSRE
AR R, e 2 MR
& EcR (ecdysone receptor) 1 USP (ultraspiracle ) ZH
& (Yao et al. , 1993) , Ecd 254 EcR 752 USP 1
PR A RESE L, EcR Al USP JE R 75 A5 10145 s vf 4%
A 2 P PHEIE 20, RNAL 3R] EcR Ay B £
PHETASZ: USP 74 A — M AR A E S 8 T AN [A] 19
YE (Tan and Palli, 2008) , USP A] §84& 57— 1%
fEft) JH 521K (Fang et al. , 2005) ,1{H Iwema fff 5%
7R TeUSP AR 2 AR N BRSNS R BE B RXR (1Y
BeARgs &, i H BRSSO SI R0 8, R
Hikz ShcikmasGaeds, JFmse 7 HAE N JH 2
KRB AT R (Twema et al. , 2007) . 1fif H RNAi T
#K EcR 1 USP 45 ol S EOR IS B 7, —
A3 BT W B BEL B 1 B S A K ) 2% B B 41
Y i EA ( Parthasarathy et al. , 2010a), {H JH 5%
RN RAT 2125 FER L2,

A P 55— RS BR R 01 | i P48 ik
KR (FHEABRRE A Y ), B
G PRI Z 1A (GPCRs ) [R5 RE R MIES 54
YA R E SAGE R AT A 2 Fh A
A . HATE TP 2 5 8 B2 2 0y AR
A LB A B 41 B 22 IR R B A, g
Tt 80 4 b i 2 1 il 28 RS B3R A 100 42 b AH ¢
RIS, 7 s S 4 28 I 3R 04 4 DG 32 4k B A=
Yyl Z A S5l g %6 F (Hauser et al. , 2008; Li
et al. , 2008) , Sy H I RE 73 T BE5E 1 Kkt [m] I
Arakane %% (2008a) 43 #t T EH, ETH, CCAP I
bursicon S5 ER S HAHC 6 T 32 A4 L (], JIE 525X 26
M IG5 R G4 it 5 2% i AR T AR F O W] 45
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HOPMEAT Ry, 1 CCAP 1 H: 37 K 3 8% 4% 38 76 95 1Y
RHIE A A FEEZ/EH (L e al,
2011)

4.2 FUBBHRESHEILE

EITERK W ny #E b F b, o 1A R £ 4
AR AR DRAEFIER I I 22, & et T — iRy
(B 5 e R G, AR AU W A R e — A
ERIR BN B o O B A, A A Al
VA 25 38A A % o s LA Rl 3k 7™ A 0 R R
/A (ROS/RNS) £ 35 Xt Jay # 19 53 B 18 ( Zou
et al. , 2007) . [F]IFIX 2% B 4E0 22 T LABH. 1k &8 43
AT SR At 4 Jo 3 A I, S e P S i [
FETFRACIRIRGLE S o 53 AMIFSE A I AL o 4 ) 2
P17 ( MMPs ) BT D 45 2 40048 5 R i B 30 1) <07
FE o 09 & HE LA K 5fe R A 92 B A8 502 ( Knorr
et al. , 2009) . FRALA HE A N o s 2R Ge A vh 40 i
%% ( cellular immunity ) Fl 1 ¥ % 7% ( humoral
immunity) P 2H . Arakane %5 (2005) %& ok
A laccase -2 FEPH 53R 20 E A5 BEALAHOC,
IER AR E R ILT B A A TeCHS-A
TcCHS-B X TR fUL45 3 ) /1B i 35 Bz 0 Fl £ L
A EERVER (Arakane et al. , 2008b) , BET, Zou
Z5(2007 ) TEARAUA B Th o3 B A B 300 ARk [ 2
S0P N W RO IR A TR, B Toll [ TMD Al
JAK/STAT 3 Fif 3 205 544 S iR AR 1 40 LN 9 A
SAL i K AAT o ISR PLA2 W55 AR 40
A 54 L Toll F1 IMD K& PX| ) e 38 , 11117 7 A= AN [+]
BT TR K T 40 A1 5 10 40 T 1Y 42 ¢ ( Shrestha
and Kim, 2010) . Altincicek %5 (2008 ) % #i7E LPS
R T LS S 288 AR R ek, Hidh 75 A2
GIEA LA, IEH A 5 MR EER IR, X
SERIF5E W SR LA 5 00 S 2 D RE LX) L 42 i B
AETZHI B, XD RGN IR A R
KEEL,
4.3 FUBRBRUBREZNLE

FL 8% 2 B 28 1 — A B I I 5 B
miRNA JERAMEL A — D EZ T, A
TEF W Ba AP & duh 2 30 725 1 4> miRNA DLk
(Lee et al. , 1993 ; Wightman et al. , 1993) , %} T
HAlAEP S miRNA 7 & 30 B0 bR i) 100 K D Gt
FEMAENN M T o BEAE AR A B 4 i DA 4 )
M 5E R, Luo 28 (2008 ) , Singh Fil Nagaraju (2008 ) 43

SR A A5 B AR AR A B rh ol 1 118
ANFT 45 A~ miRNA I HL AR H P 7 G A5 3 (R gt
77 0 . #E T Marco 45 (2010) F H SOLiD il
AR I A T 203 &L miRNA, H
F1 51 4~ miRNA 7F miRBase ' % 3% i1, 33 4>
miRNAs 7EFRIUA # b AT i iR 0 5 e AP
miRNAs F I TR & A R IR, tAM T 119 4S5
FfEE 2t miRNAs 5 2L H1A9 miRNAs 3% 4 B & 19 [
Uk HE— 2053 M & AR PL A #5 A9 miRNA 7y
ik 2 b LR 2R W R W 9 miRNA B &
15% . Hi 34 1/3 1 miRNA B RURRSF R, 2
/DA 18 A4 miRNA 75 5 v il 26 (0 A2 B Mk sh i b
JERSFRY . RIS SR R LA e R bR
(3L FRFAE , L miRNA HC R miRNA B HA R
HARSER AR, W AR SF RI AR IS 2R AR U4 s
T W] RBAE L EIE R 4 2 kb R & S TPy
N EENAA,

4.4 FUESEZEHRAFMR

B A A B A AR R A R0 25 4 i rp
P A SRR LR R =R RIUA
B 2200 57 T AR i R I, Li 55 (2008 ) AL
IR s S R L A 8 R 2 i 27 T i e
S TAL4E AKH, CAPA, SIFamide, [ [ 2 RE 5 25,
FIRFEER SHUR) PR 55 20 S IR SE A
(9 71 RS o 3@ 5 2D-Gel 454 MALDI-TOF
751, Oppert 45 (2009 ) D i 2H 21 88 N i rh
WSET 37 PR, T 1D-Gel 454 ESI-MS/MS
R E 98 FhEE 1, Horh 16 FPER A 2 Fhor vk
EBHELE R, RN [R] 7 ik B AN R 9 21 11 25 7 fig
J1o South Z5 (2011 ) 78 X 7% P4 ¥ K W & 1 (1) AT
FE e 14 FhbfEPE A= FE AR Y (SFPs) 5, Hi
13 FofvAy M (BT 15 B4 2638, MIF ST SFPs e ple i
HRTERFT T T3, AR B B8R A # 1A 5E
AT B B, A MR K2 ikt TE A
B2 RE , ik = X D RE Sl ALH R . S
R AL 2 R 2 A AR PR R D) R Y R
P R B L AL 5 0 s A o 4 A o S 5
Jr Tl o

5 RE

ARAUAS F AR S — Pl I e 9 B iy, D) e 2k
WA A ISR TR A BB, — 7 e & TT Y
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TAEGA ] RNAL SR 5855 I D RE R 0I5 2 g
Sefibam - A BLAR , 10148 7 TR JZ U A HILBE AL Al
AT I RERE N AT RIARA B o 53 /MR
ZHEY R TIR B SR RA N AL, ol Rty 1
— BB LR M AR A O A, X SE L N AR R U AT
BRI AT RERYIB A Tt — 2B WE5E . Bl
ERBORMABIGIA, DIRESRE N 412 M 058 H bs
C 2 7] T4~ Z2 M 1 5 B A 0945 5 4%
BLA, X R4S H2 i, RNAL SR Iy 5 8 4 5
A7 R et B PR AR AR 45 B A R GUKF LR
L IRE, L L35 A 500 Ui % 5 E 5 P9 41
(et AL AL, 3K 46 i) A e e, K S 2R U045 R A )
SERTSE R L E BB A LR TR0 Y 2% TR A
PR LB RIS J5 1 0 B B - B T A
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